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Three major patters have been identified in potential 
profile for ECR-heated plasmas in CHS. Further 
information of bifurcated states is extracted by using a 
histogram expression of potential value appearing in time 
evolution or waveforms. 
Here, we shows two waveforms of potential evolution. 
The first one in Fig.1 shows the time evolution of the flip-
flop pattern which is obtained in the deuterium plasma with 
PECRH ~140kW. In the early phase, the potential 
alternately takes two values corresponding to hill and dome 
patterns, and the plasma takes higher potential values 
corresponding to bell pattern in the later phase. 
The other in Fig. 2 shows time evolution of the 
potential near the plasma center of p- 0.21. This waveform 
is from ECR-heated deuterium plasma showing three-states. 
Initially, the plasma is stationary in low potential state, and 
abruptly jumps to a state where irregular hesitating pulses 
or rather large fluctuation are observed. Finally, the plasma 
develops into the oscillatory state showing a periodic 
pulsation. 
Histograms are made, for these waveforms, to 
investigate the detailed characteristics. In the histogram, the 
frequency of potential value is normalized with the total 
number of the ensemble. The normalized · histogram has a 
meaning of probability density function (PDF) for each 
potential value. 
The histogram for the flip-flop pattern is shown with a 
solid line in Fig. 3. Here, the waveform is digitized in every 
20 Jis and each data point is taken into the ensemble. The 
circles in Figs. 3 represent the PDF of central potential 
values. The PDF distinguishes three states in the flip-flop 
pattern as two prominent peaks around <I> =0.15 k V, <1>=0.9 
kV and a diffusive band from <1>=0.3 kV to <I> =0.5 kV. The 
diffusive band corresponds to the potential profile with the 
dome feature. Two vague peaks are recognized in this band. 
It suggests that the dome-branch may have at least two fine 
structures. 
The dashed line in Fig. 3 is the PDF expression for the 
other waveform of Fig. 2. The three peaks in the PDF 
indicate the existence of three states in these temporal 
patterns. The lower peak represents the hill-branch, and the 
other two peaks correspond to dome-states identified in the 
above-mentioned flip-flop pattern ( dashed line). Therefore, 
these two waveforms show a similar characteristic in light 
of the PDF or the histogram expression, although their 
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waveforms are apparently different. The analysis leads us to 
a hypothesis that dome-pattern should have two fine 
structures, and can reveal hidden bifurcation characteristics. 
This hypothesis of existence of fine structures for 
dome pattern is also supported by making the PDF for 
radial electric field at p~.25 in ensemble of potential 
profile measurements in the identical operational condition. 
In the PDF, the three peaks can be identified at Er ~ 1 kV/m, 
5kV 1m and 8kV 1m. The latter two values correspond to the 
fine structures of the dome pattern. 
In conclusion, the two waveforms and statistical 
analysis of the radial electric field suggest the existence of 
two fine structure of the dome pattern. 
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Fig. 1. A potential waveform termed flip-flop pattern 
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A potential waveform showing three states. 
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Fig. 3. Probability density functions of potential value in the 
waveforms shown in Fig. 1 (bold line) and Fig. 2 (dashed 
line). 
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